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Why Leptons

✔  Prompt leptons are rare at hadron colliders

✔  “Easy” to trigger and identify

✔  Signatures sensitive to a variety of new physics models

Excited neutrinos, Vector-like leptons, Vector-like quarks,
Doubly-charged Higgs bosons, Supersymmetry .....
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Lepton Challenges

Leptons in weakly produced 
processes; cross sections 
can be lower

Misidentified leptons rare; 
estimating 'fake' background 
is harder.

Prospino cross sections for some SUSY processes

http://www.thphys.uni-heidelberg.de/~plehn/index.php?show=prospino
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ATLAS Detector
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ATLAS Performance
arXiv:1101.2185 
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e/µ 
Reconstruction
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Tau Reconstruction

Tau mass = 1.8 GeV
~ 65% of tau decays are to hadronic final states

1-prong – 1 charged pion in final state
3-prong – 3 charged pions in final state
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● Taus reconstructed from all jets with pT > 10 GeV
(Jets using anti-kt algorithm with R = 0.4)

● Separate identification of 1p and 3p

● Multivariate discriminants based on tracking and 
calorimeter information

● Tau energy scale calibrated from MC based on visible 
energy, |η|, and number of prongs
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Tau Reconstruction

Shower width

Max ΔR (trk-axis)

Variables used include
pT weighted track width, leading track momentum fraction, core 
energy fraction, cluster/track mass, flight path significance, ......

ATLAS-CONF-2011-152
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Understanding SM
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Understanding SM
arXiv:1305.4192 arXiv:1304.7098

arXiv:1304.6386

Heavy flavor quarks with tt

High mass DY cross section Z+jets cross section

Eur. Phys. J. C, 73 3 (2013) 2328

 tt → τ +jets

http://arxiv.org/abs/1305.4192
http://arxiv.org/abs/1304.7098
http://arxiv.org/abs/1304.6386
http://link.springer.com/article/10.1140/epjc/s10052-013-2328-7
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“Fake” lepton backgrounds
True Fakes:
  Signal mimicked by other physics process, or failure of algorithm

Muons: Track in inner detector matched to segments
in muon spectrometer.
Electrons: Track paired with calorimeter deposit

Other “Fakes”:
  Signal-like leptons from a process we do not want.
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Taus

The b-quark can decay semi-leptonically, with the lepton embedded in a jet.

Lepton isolation used to discriminate
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Estimating fake-lepton background

Determine the processes that contribute
Design a generic or specific method
Preferably test method in validation regions

Isolation

Fake

Signal

1D extrapolation
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Estimating fake-lepton background

Determine the processes that contribute
Design a generic or specific method
Preferably test method in validation regions

Isolation

Fake

Signal

1D extrapolation

A B

C D

D =C• B/A 

ABCD method : How many 
blue points in box D, given 
box A, B, C?
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Estimating fake-lepton background

A

A'

Fake Factor

f = A' / A

Signal-like

Not
signal-like



Sourabh Dube FNAL W&C 16

Estimating fake-lepton background
Matrix method 

Relate Tight and Loose leptons (observed) with Real and Fake leptons (true)

So for dileptons,

And after some simplification for trileptons

Solve these to get NRR+NRF+NFR.
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Searches for
Supersymmetry
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Supersymmetry

Symmetry between fermions and bosons; particle spectrum x2

Solves the hierarchy problem, provides a dark matter candidate

Over 100 parameters in MSSM→rich phenomenology; large 
number of final states to probe different flavors of susy models.
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2 Lepton + Etmiss

Two isolated e/µ (minpT>10 GeV, single/di-lepton triggers)
Jet veto: central 20 GeV jets , forward 30 GeV jets

ATLAS-CONF-2013-049ATLAS-CONF-2013-049
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2 Lepton + Etmiss
ET

miss,rel in two signal regions....
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2 Lepton + Etmiss
Slepton pair-production Chargino pair-production
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3 Lepton + Etmiss

Three isolated e/µ (minpT>10 GeV, single/di-lepton triggers)
Jet veto: central 20 GeV b-jets

ATLAS-CONF-2013-035ATLAS-CONF-2013-035
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3 Lepton + Etmiss

mT in events with Z-candidate, 
30<Etmiss<50 GeV, no b-jets.

mT in events with no Z-candidate, 
Etmiss>50 GeV, 1 b-jet.

Validate background estimates in validation regions (VR)



Sourabh Dube FNAL W&C 26

3 Lepton + Etmiss
Counts in the Signal Regions
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3 Lepton + Etmiss

Decay via gauge bosonsDecay via sleptons
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2 Tau + Etmiss
At least two oppositely-charged taus (with vispT > 20 GeV , ditau/Etmiss trigger) 
No e/μ with pT>10 GeV. No jets pT>25 GeV (no b-jets pT>20 GeV)
Signal regions defined by Etmiss>40 GeV and mT2

ATLAS-CONF-2013-028ATLAS-CONF-2013-028
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2 Tau + Etmiss

Chargino pair-production Chargino-Neutralino production
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Exotic
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Vector-like quarks

Vector-like quarks occur in different 
natural non-SUSY models
Little Higgs, composite Higgs,  
Topcolor etc.

Two different VLQ (pair-produced) 
considered
  T → Zt
  B → Zb

Final state
OS Leptons forming a Z candidate +
two central b-tagged jets with pT> 25 GeV 
(single-lepton triggers)

ATLAS-CONF-2013-056ATLAS-CONF-2013-056
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VLQ : Zb

Test hypothesis in 
m(Zb) distribution

Z + ≥ 2 jets Z + ≥ 2 b-jets

Require at least 2 b-tags, 
use <2 tag as control 
regions

Require pT(Z)>150 GeV, 
HT(jets) > 600 GeV  (use 
pT(Z)<100 GeV as CR)
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VLQ : Zb



Sourabh Dube FNAL W&C 34

VLQ : Zb

mB < 725 GeV ruled out mT < 680 GeV ruled out
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SS leptons + b-jets

Pair produced VLQ can produce 
leptons of same charge
  T → Zt, Ht
  B → Wt

Or 4-generation SM quarks       
(Two-Higgs-doublet model)
  b' → Wt 

Or non-resonant production of 
4-tops – tttt

Or 
uu →tt  mediated via s- or t-channel 
exchange of heavy particle.

e/µ with pT>25 GeV, single-lepton triggers
≥ 2 jets with pT>25 GeV, Etmiss > 40 GeV

ATLAS-CONF-2013-051ATLAS-CONF-2013-051
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SS leptons + b-jets

HT(jets) in signal regions for ee and µµ
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SS leptons + b-jets

mB < 590 GeV 
ruled out

mT < 540 GeV 
ruled out

mb' < 720 GeV ruled out for BF=1
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VLQ Summary
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Microscopic black holes

Black holes produced in the context of ADD 
models of flat extra dimensions.

Decay via Hawking radiation; characterized by 
large number of high pT particles.

Decay to all SM particles, i.e. all final states.

Search in a like-sign dimuon final state with 
high track multiplicity.

NewNew

Track multiplicity with pT(trk)>10 GeV
  n    = number of extra dimensions    
 MD  = Planck scale in D=4+n dim    
MTH = threshold mass of black hole
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µ±µ± + many tracks

Select events with two muons 
pT>100,15 GeV (single-muon trigger)
Loose isolation for leading muon,               
no-isolation for second muon 
(uncommon selection at LHC).

Dominant backgrounds from 
Top-pair production and W+jets production

NewNew

Δφμμ in events with Ntrk≥ 10
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Microscopic black holes

Signal region with µ1 pT> 100 GeV,
and Ntrk ≥ 30,  Exp: 0.6 ± 0.2 events, Obs: 0

SUBMIT TO PRD ~ week(s)

NewNew



Sourabh Dube FNAL W&C 42

Addressing model dependence

Usually results shown in context of a model.

In addition, lower limits on number of events (upper limits on cross 
section) provided. These might (or not) be fiducial limits.

Limitation on reinterpretation is determining this fiducial efficiency for an 
arbitrary model.
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Addressing model dependence

Phys. Rev. D 87, 052002 (2013)
http://hepdata.cedar.ac.uk/view/ins1204447

 Recipe to determine efficiency 
from particle-level information.

 Reproduces reconstructed 
quantities very well!

8 TeV results released next week

b'b'→tWtW→WWWWbb

ΣpT (leptons)

ΣpT (jets)

http://prd.aps.org/abstract/PRD/v87/i5/e052002
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Summary

 Rich program of lepton searches at ATLAS, with many results coming out 
shortly.

 EWK direct SUSY limits flirting with 0.5 TeV (surpassing it in some cases)

 Next year and half will have lots of probing of data in anticipation of Run 2 and 
unexplored corners
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Supplementary
ATLAS RESULTS:
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/WebHome

This presentation...
SUSY
2L + Etmiss
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-049/
3L + Etmiss
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-035/
4L + Etmiss
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-036/
1-2 taus + jets + Etmiss
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-026/
2taus + Etmiss
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-028/

Exotic
Zb
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-056/
Anomalous same-sign dileptons + bjets
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-051/

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/WebHome
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-049/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-035/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-036/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-026/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-028/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-056/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-051/
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Definitions
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2L + Etmiss
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2Tau + Etmiss
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VLQ: Zb
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SS leptons + b-jets
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